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PROSTAGLANDINS AND CHEMOTAXIS: ENHANCEMENT OF 
POLYMORPHONUCLEAR LEUKOCYTE CHEMOTAXIS BY 
PROSTAGLANDIN F~ 
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Prostagland ins E h E 2 , Flo, and F ~, did not demonstrate direct in vitro chemotactic 
properties either to rabbit peritoneal polymorphonuclea r leukocytes or to rabbi t or huma n 
polymorphonuclear leukocytes isolat.ed fr~m blood . Prostaglandin F 2 .... however. en hanced 
the che motactic responsiveness of human polymorphonuclear leukocytes to the chemotactic 
agent casein . 
Prostaglandins [PCs) ha"e been implicated as 
mediator of the inflammatory response in both 
humans and other animals. Prostaglandins E and 
F have been recovered from \'arious types of 
cutaneous inflammation 11 -6J. a nd prostaglandins 
are synthesized by human epidernlal homogenates 
\7 - IO} and by isolated epidermal cells Ill}. These 
findings have prompted investig'ations into the 
possib le physiolo~ic functions of prostaglandins in 
cutaneous inflammation. 
In carrageenan·induced inflammation in rats. 
Anderson. Brocklenhurst. and Willis \12\ and Di-
Rosa. Ci roud. a nd Willoughb,' \13} correIa ,ed lhe 
appea rance of prostaglandi n acl i"ity with the 
migration of leukoc:\'tes. raising the question of the 
possible chemotactic properties of prostaglandins. 
K ale,. and Weiner \14\. using lhe Boyden SYSlem 
115J. first reported the chemotactic response in 
vitro of rabbit polymorphonuclear leukocytes to 
prostaglandin E\ . This chemotactic respon e. how. 
ever. was mild. being onl ~' approximately lO't of 
that seen when activated serum was used as the 
chemoattractant. In contrast. M cClatchey and 
Snyderman 116J. using human mononuclear leuko· 
cytes 8S the indicator cells. found that prosta· 
glandins AI. A2 • B I • 8 2 , E 1 • E 2 • F lO' and F 20 did 
not produce a chemotactic response whereas PGE 2 
was found to enhance the ability of human mono-
nuclear leukocytes to respond to other chemotactic 
stimuli. In vi\-o studies by Arora. Lahiri. and 
Sa nya l\1 71 failed 10 dem onslrale any chemOlaClic 
response 1.0 P GE I . Usi ng the skin window te('h-
nique. S0nd ergaard and Wolf-JUrgensen fou nd 
th at th e cellu lar exudate which was elicited in 
hum ans after multiple int raderm al injections of 
prostaglandins E, and t ,,,. did nOI differ from 
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cellular exudates of simultaneous control experi. 
ments \181. This conflict of results prompted us to 
reevaluate the in \'itro chemotactic properties of 
prostaglandins. 
M .nERIALS A~D METHODS 
Preparotlon 0/ LeURO(·.Hes 
Rabbit peritoneal leukocytes were obtained from ~ew 
Zealand rabbits by injecting int raperit.oneally 250 ml of 
py ro~en.free saline contajn\n~ 125 mg of oyster i!:lycogen 
(Eastma n Chemical Co.). Twelve hours later. the perito· 
neal exudat.e was ha rvested and fillered throug-h cOlton 
into 50· ml plast ic tes t tubes. The tubes were spun a l ISO 
... g fo r 10 min: the cell pellet was resuspended in tissue 
cultu re medium 199 (T C· 199) contai ning 100 IU/ml of 
penici llin and 100 ,IoIg/ mi of streptomycin. recent r ifuged 
at 150 . g for 3 min at room temperature, and washed 
twice " 'it h 20 ml of TC -I99 to insu re the eliminalion of 
the oyster glycog-en. The concentration of cell~ was 
adjusted to 2 .. 10' neut rophils per milliliter using 
1'C-199 as a diluent . With thi~ technique. isolates 
containing more than 95 r:t polymorphonuclear leukocytes 
were consi!'tellll\' obtained. The \' iabilit\, of the cells. 
determined by ~sing the t rypan blue exciusion method. 
was always ~reater than 94 t; . 
Rabbit Ilr human neutrophils were isolated from blood 
usin~ the technique employed by Henson [19) with minor 
modifications. All steps were carried out using plastic 
test tubes. sy ringes. and pipettes. Twenty milliliter5- of 
venous blood from human volunteers and of ra bbit blood 
ob tained by intracardiac puncture were gently mixed 
with 3 ml of acid - citrate- dexlro!i'e to.OSt> M trisodium 
cit ratE.' . 0.065 M ci tric acid. and 2 f1 dextran in distilled 
waterl and centr ifuged at 550 " g fo r 20 min 8 t room 
temperature. The platelet- r ich plasma a nd the buffy 
coat. rich in m ononuclear cells. werr removed . Th~ 
er.\'throcytes and polymorphonuclear leuko('ytes that reo 
mained in the test tube were resuspended in 2.5 Cf gelatin 
(Fisher Scientific Co.) in pyro~en·free saline. Afte r the 
ervthroc\, tes were allowed to sediment for 30 min at 3i oC. 
(h'e sup~rnatant. rich in polymorphonuclear leukocytes. 
wa::; removed and cent rifuged at .tOO .", P at room 
teml>er8ture for 10 min . The cell pellet was resuspended 
in O.83ct NH .Cl in water (p H 7.2) for 5 mill to lyse any 
remai ning red blood cells. The suspension was cen· 
trifuged at 150 ... g for 10 min: the cells were washed once 
with 20 m\ of TC·l99 and were rei'ouspended in tbe same 
cultu re medium . The final concentration of cells \\'as 
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adjusted to 2 >.. lOe polymorphonuclear leukocytes per 
miHil iter. With this t.echnique, an isolate contai ning 80 La 
95 % polymorphonuclear leukocytes was obt.ained . The 
viability of the leukocytes (trypan blue exclusion) was 
consist.ently between 98 and 100%. 
Preparation of Prostaglandin.s and Tesc Control 
Substances 
Prostaglandins of the E and F groups (E" E J , F I .. , and 
F 2 .. ) were each kept. in crysta ll ine form 8t _ 20 °(' in glass 
vials contai ning 10 m~. Purity was verified using th in-
layer argentation chromatography with the A 1I solvent 
system reponed by Green and Samuelsson [20). Solu-
tions of prostaglandins at a concent ra tion of 1 mg/ rul in 
95% ethanol were stored at O"C. To reduce the concent ra -
tion of ethanol. the stock solutions of prostaglandin were 
diluted by a factor of 10 in a 2% solution of NaICO, in 
water. The aqueous solutions of prostag-Iandin were 
funher diluted with TC-199 t.o a final concentrat.ion of 10 
.ug/ml just prior to use- in the chemotaxis assay~. The 
aqueous solutions \\!ere stored at O°C and used within a 
week. This pro local allows storage of E and F prostaglan-
dins in an aqueous solu tion for periods up to one week 
without significant conversion to other products 1211. 
Casein (Fisher cientiric Co.) was used at a concentra-
tion of 2 mg/ml in TC -l99 as a reference con trol. 
Chemotaxis Assays 
Chemotaxis of human and rabbit polymorphonuclear 
leukocytes was quantitatively assayed by a modification 
of the Bo~'-de n Micropore filter technique [151. Sykes-
Moore chambers (Belko Glass Co .. Vineland. N. Y.l. 25 
rom in diameter. were used. A Millipore filte r with pore 
size of 3 IJ (SSWP 025 SS. Mill ipore Filter Corp.) 
separated the upper and lower compartment s of the 
chamber when human polymorphonuclear leukoc:vtes 
were used as the indicator cells. A millipore filte r with 
pore size of 5 IJ (SMWP-02500) was used when rabbit 
polymorphonuclear leukocytes served as the indicator 
cells. The upper compartment of the chamber was filled 
with I ml of the cell suspension (2 x 10' polymorpho-
nuclear leukocytes in TC- l99L The lower co mpartment of 
the chamber was filled with 0.7 ml of casein, of prosta-
glandin. or of TC-199 solut.ion. The chambers were incu-
bated at 3,°e for 3 hr because it has been shown that. al· 
though a significant chemotactic response to casein can be 
seen within 30 min, the maximum response (i.e .. cells per 
high-power field) occurs after approximately 3 hr (22J. 
The filters were subsequently removed. st.ained with 
hematoxylin. cleared in xylene. and mount.ed on glass 
slides (Permount. Fisher Scientific Co.). Each assay was 
run in duplicate. 
Vol. 66, No.3 
To assess the results. 6 randomly select.ed fields on 
the bottom surface of the filter were examined usi ng 
light microscopy with a lO x ocular and a 45 x objective. 
The mean number of cells per high-power field that 
mi~rat.ed lhroug-h the t.olal thickness of the filter was 
calculated . 
RESULTS 
Neither the perit oneal polymorphonuclear leu-
kocytes nor the polymorphonuclear leukocytes 
from the rabbit or human blood demonstrated a 
chemotactic response to the prostaglandin solu -
tions (Tab. I) . The same cells, however, responded 
to the known chemotactic agent casein (Tab. I) 
and to homologous serum and LPS-activated 
serum when these were used. Assa~'s employing 
Hank 's solution (instead of TC -1991 and different 
cell concentrations (2-8 x: 10e polymorphonuclear 
leukocytes per milliliter) provided similar results . 
Contamination of the polymorphonuclear leuko-
cyte isolates from the blood with platelets pro-
duced a ratio of polymorphonuclear leukocytes to 
platets that varied from 6: I to I: 1. Because produc-
tion of prostaglandins by platelets has been dem -
onstrated. we wondered whether the platelets, 
through the local biosynthesis of prostaglandin. 
could abolish the chemotactic gradient. if indeed 
prostaglandins are chemotact ic. Therefore. we 
measured the amount of prostaglandin activit.y pro-
duced by the cont.aminant platelet.s a fter incuba-
tion for 3 hr at 37'C. The amount of prostaglandin 
E 2 -equivalent activity. measured according to the 
radioimmunoassay technique of Goldyne. \rink el-
mann . and Ryan [5], was less than I ng/ ml. This 
concentration was approximately Vi o.ooo of the 
concentrat ion of the prostaglandins placed in the 
opposite chamber. Thus. pla te let contam ination 
did not appear to be a possible expla nation for the 
lack of a chemotactic response: moreQ\·er. despite 
the platelet contamination. the same cel ls re -
sponded to known chem otac ti c agents. 
T o determine whether the lack of chemotactic 
response cou ld be due to a rapid equilibration of 
th e pros taglandins across the filter. tritiat ed PGE, 
(New England Nuclear Corp .) was placed in the 
bott om chamber. and the changes in radioactidty 
in both cham bers O\ 'er a 2-hr period were mea-
sured. A posi tive gradient was always present 
TABLE I. Chemotactic response of human and rabbit polymorphonuclear leukocytes to casein and to pro~caf!landins 
Polymorphonuclear leukocytes 
Substance Human Rabbit peritoneal Rabb it blrod 
tested 
So. of Cells/HPF No. of CellsIHPF No. of Cells/HPF 
assays 1M 1 SEI aSSA)'S IM ::l. SE I assays (M :!. SEl 
Casein II 56.9 ± 11.6 12 80.2 :l: 21.3 10 67.0 ± 18.4 
(2 mg/mli 
PGE, II 0 12 0 10 0 
PGE, II 0 12 0 10 0 
PGF,. II 0 12 0 10 0 
PGF", II 0 12 0 10 0 
T C-I99 II 0 12 0 10 0 
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du ring the 2-hr interval (Fig.LI n ourSYSLem, when 
cells tested against active chemotactic substances 
were incubated for a 2-hr interval, a significant 
number of cells was already present on the bottom 
side of the filter at this time so that an insufficient 
gradient across the filter was not the basis for an 
absence of chemotacLic response to prost.aglandins. 
In fact, studies by Wilkinson 1221 have shown that 
cell migration significantly greater t.han control 
values can be seen when approximately equal 
concentrations of casein Bre placed on both sides of 
the filter . 
To substantiate our observations regarding the 
lack of chemotactic activity of prostaglandins. we 
mixed 10 }lg of PGE I with casein to determine 
whether this combination had B greater chemotac-
tic activity than did casein and the prostaglandin 
vehicle. Although the data appear to suggest that 
PGE 1 diminished the chemotactic response to 
casein. the differences are not sta tistically signifi-
cant (Tab . II ). 
Another approach to evaluate the possible 
chemotactic properties of prost.aglandins involved 
placing the prostaglandins in the upper chamber 
with the polymorphonuclear leukocytes and plac-
ing a known chemotactic agent. such as casein. in 
the lower chamber. Hypothetically. if the prosta-
glandins exerted a significant chemotactic aUrac-
tion, the response of the leukocytes to a known 
chemotactic agent should be either abolished or at 
least significantly reduced. To test this hypothesis. 
we measured the chemotactic response to casein 
by human polymorphonuclear leukocytes incu-
bated for 30 min with 10 ~g PGE, or PGE,. prior 
to placement in the assay chamber. PGE, had no 
significant effect on the subsequent response of the 
cells to casein (Tab. III ). However, PGF,. signifi-
cantly enhanced the subsequent chemotactic re-
sponse to casein (p < 0.0(5). 
DISCUSSIO~ 
Contrary 10 the result.s reported by Kaley and 
Weiner 11 4 J, we found that PGE, did not dem on-
strate primary chemotacti c activity. Neither did 
we note any chemotactic properties for the other 
prostaglandins tested . Our data are in agreement 
with those of McClatchey and Synderman 116], 
ITOP CHAMBERI 
100 75 57 53 -.4 of Total RodloactlVlty 
!BOTTOM CHAMBER 
0' _ 30'_60 '---_,120' Time 
FIG. Equilibration of PGE 2- I H across Millipore filter. 
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TA.81.E II. Chemotactic response of human blood 
polymorphonuclear leukocytes (PMN) and rabbit 
peritoneal PMN to casein m ired wi th PGE , 
Pol ymorphonu clear leukocytes 
Substance Human Rabbit 
tested -----------------
No. of 
assays 
Cells!HPf No. of Cells/HPF 
(M .:I:: Sf::) assays (M :1. SE) 
Casein" 
plus pros-
taglandin 
vehicle 
Casein" 
plus 
PGE I " 
6 15.9 ± 6.3 
6 13. 1 ~ 4.0 
"Concentration. 2 mg/ ml 
o Concentration. IOl-lg / ml 
49.4 ~ 11.7 
28.7 ± 6.8 
TABLE III. Chemotactic response to human 
polymorphonuclear leukocy tes (PMN)" 
Substance tested No. of No.1 HPF 
assays tM ~SE ) 
PMN° plus prosta- 10 21.6 = 4.9 
glandin vehicle 
PMN" plus PGE { 10 23.1 ~ 3.0 
PMNIt plus PGF 2C" 10 35.9 ± 4.9" 
C Three-hour chemotactic assay carri ed out after 30-
min incu bation at 37°C ..... ith prostaglandin 
I> Concentration, 2 x 1Q8/ml 
(" Concentration. 10 ",g/ ml 
d S ignificant difference (p < 0.005, randomized block 
analysis of variance) 
who also were unable to demonstrate chemotactic 
response to prostaglandins. 
However. we observed that PGF 2a potentiated 
the chemotactic response of human polymor-
phonuclear leukocytes to casein. This phenomenon 
has been reported by Hill. Estensen. Goldberg. 
Hogan. and Quie 123 J. and this enhancement 
appears to be re lat.ed to the ability of PGF., to 
elevate the intracellular concentration of cyclic 
guanosine monophosphate . " ' hereas these authors. 
as well as Rivkin. Rosenblatt . and Becker 124\. 
demonstrated the ability of PGE} to decrease 
(possibly through the ele\'ation of cyclic adenosine 
monophosphatel the chemotactic response, we 
were unable to demonstrate this phenomenon . 
Nevertheless. our data do support the contention 
that prostaglandin function primarily involves 
modulation of cellular responses 1.0 other chemo-
tactic agents and does not involve 8 primary 
chemotactic effect.. Hopefully future studies will 
uncover the reason(s) for the discrepancy in the 
data regardi ng prostaglandins as primary chemo-
tactic agents. 
Mrs. Joan H. King , Mr. David L. Sword. and Mrs. 
Blenda R. McKinney provided valuable technical assist-
ance. Dr. John Pike of the Upjohn Company kindly 
supplied the prostaglandins. 
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